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Correction of Adult Degenerative Scoliosis
Seung Won Choi, M.D., Ph.D.,1 Christopher Ames, M.D.,2 Sigurd Berven, M.D.,3 Dean Chou, M.D.,2 Bobby Tay, M.D.,3 
Vedat Deviren, M.D.3
Department of Neurosurgery,1 Chungnam National University Hospital, Daejeon, Korea 
Department of Neurosurgery,2 University of California San Francisco, San Francisco, CA, USA 
Department of Orthopaedic Surgery,3 University of California San Francisco, San Francisco, CA, USA
Objective : Lateral interbody fusion (LIF) is attractive as a less invasive technique to address anterior spinal pathology in the 
treatment of adult spinal deformity. Its own uses and benefits in treatment of adult degenerative scoliosis are undefined. To 
investigate the radiographic and clinical outcomes of LIF, and staged LIF and posterior spinal fusion (PSF) for the treatment of 
adult degenerative scoliosis patients, we analyzed radiographic and clinical outcomes of adult degenerative scoliosis patients who 
underwent LIF and posterior spinal fusion.
Methods : Forty consecutive adult degenerative scoliosis patients who underwent LIF followed by staged PSF at a single 
institution were retrospectively reviewed. Long-standing 36” anterior-posterior and lateral radiographs were taken preoperatively, 
at inter-stage, 3 months, 1 year, and 2 years after surgery were reviewed. Outcomes were assessed through the visual analogue 
scale (VAS), 36-Item Short Form Health Survey (SF-36), and Oswestry Disability Index (ODI).
Results : Forty patients with a mean age of 66.3 (range, 49–79) met inclusion criteria. A mean of 3.8 levels (range, 2–5) were fused 
using LIF, while a mean of 9.0 levels (range, 3–16) were fused during the posterior approach. The mean time between stages was 
1.4 days (range, 1–6). The mean follow-up was 19.6 months. Lumbar lordosis was significantly restored from 36.4º preoperatively 
up to 48.9º (71.4% of total correction) after LIF and 53.9º after PSF. Lumbar coronal Cobb was prominently improved from 38.6º 
preoperatively to 24.1º (55.8% of total correction) after LIF, 12.6º after PSF respectively. The mean pelvic incidence-lumbar lordosis 
mismatch was markedly improved from 22.2º preoperatively to 8.1º (86.5% of total correction) after LIF, 5.9º after PSF. Correction 
of coronal imbalance and sagittal vertebral axis did not reach significance. The rate of perioperative complication was 37.5%. Five 
patients underwent revision surgery due to wound infection. No major perioperative medical complications occurred. At last follow-
up, there were significant improvements in VAS, SF-36 Physical Component Summary and ODI scores.
Conclusion : LIF provides significant corrections in the coronal and sagittal plane in the patients with adult degenerative scoliosis. 
However, LIF combined with staged PSF provides more excellent radiographic and clinical outcomes, with reduced perioperative 
risk in the treatment of adult degenerative scoliosis.
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INTRODUCTION
Current surgical treatment options for adult degenerative 
scoliosis include anterior-only, posterior-only and combined 
anterior and posterior procedures3,7-11,14,18-26). A primary goal of 
any surgical intervention is the restoration of the coronal and 
sagittal balance, as this is directly correlated with patient out-
comes. Recent attention has been given to the lateral interbody 
fusion (LIF) technique for addressing anterior spinal patholo-
gy. Furthermore LIF has been combined with posterior spinal 
fusion (PSF) in staged correction of spinal deformity. With 
the frequency of spinal deformity procedures increasing as the 
population ages, it is important to understand the merits of 
LIF combined with staged PSF for addressing adult spinal de-
formity5).
The first aim of this study was to assess the magnitude of 
radiographic changes following staged LIF and PSF. For this 
task, we reviewed radiographs preoperatively, following LIF 
and before PSF (inter-stage), after PSF and at the most recent 
clinical follow up. We analyzed the degree of radiographic 
change between these time periods in order to determine each 
procedures contribution to the final surgical correction. A 
second aim of this study was to analyze the functional out-
comes, perioperative and postoperative complications of pa-
tients undergoing staged LIF and PSF procedures. 
MaTeRIals aND MeThODs
Study design and patient selection
Consecutive patients with adult degenerative scoliosis who 
underwent staged correction using LIF and PSF at a tertiary 
care spine referral center between 2008 and 2013 were en-
rolled. The diagnosis of adult degenerative scoliosis included 
at least one of the following : coronal Cobb angle greater than 
20 degrees, sagittal imbalance greater than 5 cm, coronal im-
balance greater than 5 cm, thoracic kyphosis greater than 60 
degrees, thoracolumbar kyphosis greater than 20 degrees, or 
lumbar lordosis less than 20 degrees. Prior to surgery, all pa-
tients failed a trial of conservative treatment for at least 6 
months. Patients were enrolled prospectively, and medical re-
cords were reviewed retrospectively up to the most recent 
clinical evaluation.
Operative sequences
First stage
LIF was performed on the indicated lumbar levels using a 
lateral trans-psoas approach with neuromonitoring. For tho-
racic and upper lumbar level LIF, a lateral transthoracic or 
thoracoabdominal approach was performed. When the pa-
tient had severe bridging osteophytes, osteotomies were per-
formed on the contralateral side with a Cobb. After the dis-
cectomy, a lordotic interbody cage (Nuvasive, San Diego, CA, 
USA) packed with allogenic bone graft substitute (Osteocel 
Nuvasive, San Diego, CA, USA) containing live mesenchymal 
stem cells was inserted to the intervertebral disc spaces. Inter-
body cages ranged from length 45–60 mm, height 8–12 mm, 
width 18–22 mm, and lordosis angle 10–30 degrees. The first 
stage was followed by an inter-stage of between 1–6 days, 
wherein the patient underwent standing long cassette 36” an-
terior-posterior and lateral radiographs, and were adequately 
resuscitated for the second procedure. 
Second stage
Posterior decompressive laminectomies, Smith-Petersen os-
teotomies, placement of pedicle screws, laminar hooks and ili-
ac screws were performed. Fluoroscopy or an intra-operative 
computed tomography scan was used for confirmation of ad-
equate placement of instrumentation before completion of the 
operation. For the patients who were not able to undergo LIF 
at L5–S1 due to the iliac crest, but required additional fusion 
at L5–S1, anterior lumbar interbody fusion (ALIF) or transfo-
raminal interbody fusion (TLIF) was performed. We tried to 
correct the deformities more to obtain the optimal angles by 
rod contouring and compression after Smith-Peterson osteot-
omy during 2nd surgery. We used cobalt chromium rods and 
performed posterolateral fusion with mixture of allogenic 
bone chips and harvested autologous bone chips.
Data collection
Radiographic data
Standing long cassette 36” anterior-posterior and lateral ra-
diographs taken preoperatively, at inter-stage, 3 months, 1 
year, and 2 years after surgery were reviewed. Lumbar lordosis 
(LL), pelvic tilt (PT), pelvic incidence (PI), coronal Cobb an-
gle, coronal imbalance, sagittal vertical axis (SVA) were mea-
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sured using Surgimap Spine radiographic mapping software 
(version 1.2.1.86; Nemaris, Inc., New York, NY, USA). LL angle 
was measured from the superior endplate of L1 to the superior 
endplate of S1. PT was measured as the angle between the 
lines connecting the midpoint of the sacral plate to the bicox-
ofemoral axis and the vertical plane. PI was calculated from 
the angle between a perpendicular line to the sacral plate and 
the line connecting the midpoint of the sacral plate to the bi-
coxofemoral axis. 
PI–LL mismatch was also determined. Coronal Cobb angle 
was determined as the angle formed by the superior end plate 
of the most angulated superior vertebral body and the inferior 
end plate of the most angulated interior vertebral body. Coro-
nal imbalance was determined by measuring the distance be-
tween C7 plumb line which is a vertical line drawn down from 
the mid-portion of the C7 vertebral body and central sacral 
vertical line which is a perpendicular line drawn up through 
the center of the sacrum on anteroposterior radiographs. SVA 
was measured as the horizontal distance between the C7 
plumb line and the posterosuperior corner of the sacrum.
Clinical data
Functional outcomes were assessed by evaluating visual an-
alogue scale (VAS) for back pain and leg pain, Oswestry Dis-
ability Index (ODI), 36-Item Short Form Health Survey mental 
component summary (SF-36 MCS), and 36-Item Short Form 
Health Survey physical component summary (SF-36 PCS) pre-
operatively, and at 3, 12, and 24 months after surgery. Periop-
erative and postoperative complications were also investigated.
Statistical analysis
Radiographic parameters and functional outcome variables 
were compared with their corresponding values using a paired 
t test. All statistical tests were two-sided and p-values less than 
0.05 were considered to be significant statistically. Data with 
normal distribution has been assigned a mean and standard 
deviation. SPSS version 21 (IBM, New York, NY, USA) was 
used for statistical analysis.
ResUlTs
Demographic and operative data
Forty consecutive patients with adult degenerative scoliosis 
were enrolled. The mean age at surgery was 66.3 years (range, 
40–79; standard deviation, ±7.7) and 87.5% were female. 
Twelve patients (30%) had a history of prior back surgery.
Interbody fusion was performed at 178 levels (mean level 
per patient, 4.5; range, 2–6). This included 151 LIF (mean level 
per patient, 3.8; range, 2–5) in the thoracolumbar spine and 25 
TLIF and two ALIF at L5–S1 interspace. Three hundred fifty-
nine vertebral segments were fused posteriorly (mean level per 
patient, 9; range, 3–16). In 38 patients (95%) iliac screws were 
placed, and no pedicle subtraction osteotomies were per-
formed in any patients. Operative data is summarized in Table 
1. Mean time of the inter-stage was 1.4 days (range, 1–6) and 
mean hospital stay was 8.6 days (range, 5–22). Mean follow-up 
duration after LIF was 22.2 months (range, 7–54).
Radiographic results
Table 2 summarizes the radiographic results. Table 3 shows 
respective correction rate and contribution rate of LIF and 
PSF to total deformity. Radiographic measurements of preop-
erative, inter-stage, postoperative and last clinical follow up 
including long-standing 36” films were adequately obtained in 
34 patients (85%) (Fig. 1). In six patients, there were some ra-
diographs that were unavailable. Mean duration until last ra-
diographic follow-up was 17.4 months. 
The mean preoperative LL was 36.4°±13.7° which was sig-
nificantly changed to 48.9°±12.8° after LIF (71.4% of total 
staged correction) and 53.9°±12.6° after PSF (28.6% of total 
Table 1. Operative data
Value
Lateral interbody fusion
Total levels 151
Patients 40
Levels per patient 3.8±0.7
Fusion at L5–S1
TLIF 25
ALIF 2
Levels of interbody fusion per patient 4.5±1.0
Levels of posterior spinal fusion per patient 9.0±3.9
Fusion to pelvis 38 (95)
Interval between stages 1.4±1.2
Values are presented as mean±standard deviation or number (%). TILF : 
transforaminal lumbar interbody fusion, ALIF : anterior lumbar interbody 
fusion
 Lateral Interbody Fusion | Choi SW, et al.
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Table 2. Radiographic results
Preoperative After LIF After PSF* Last follow-up†
Mean±SD Mean±SD p-value Mean±SD p-value Mean±SD p-value
Lumbar lordosis (º) 36.4±13.7 48.9±12.8 <0.001 53.9±12.6 <0.001 56.1±11.5 <0.001
Pelvic tilt (º) 23.0±9.7 15.6±9.2 <0.001 20.6±9.1 0.12 21.2±8.2 0.255
PI–LL mismatch (º) 22.2±15.9 8.1±13.9 <0.001 5.9±12.7 <0.001 4.0±13.4 <0.001
Thoracic coronal Cobb (º) 20.8±13.0 16.0±14.7 <0.001 9.2±10.2 <0.001 9.3±9.7 <0.001
Lumbar coronal Cobb (º) 38.6±19.5 24.1±16.6 <0.001 12.6±8.2 <0.001 13.5±9.0 <0.001
Coronal imbalance (mm) 19.2±27.3 26.6±32.8 0.222 15.3±18.1 0.384 15.7±22.8 0.428
Sagittal vertical axis (mm) 61.7±49.5 58.2±63.6 0.88 42.2±44.3 0.039 42.0±49.5 0.058
p-values compared to preoperative values. *Three months after posterior spinal fusion. †Mean duration until last radiographic follow-up was 17.4 
months. LIF : lateral interbody fusion, PSF : posterior spinal fusion, PI–LL : pelvic incidence–lumbar lordosis
Table 3. Rate of correction and contribution
LIF (%) PSF (%) Total (%)
Correction* Contribution† Correction* Contribution† Correction*
Lumbar lordosis 34.3 71.3 13.8 28.7 48.1
PI–LL mismatch 63.5 86.8   9.6 13.2 73.2
Thoracic coronal Cobb 23 41.4 32.6 58.6 55.6
Lumbar coronal Cobb 37.6 55.9 29.7 44.1 67.3
Sagittal vertical axis   5.7 18 25.9 82 31.6
*Values indicate correction rate to preoperative measurements. †Values indicate contribution rate to final postoperative measurements. LIF : lateral 
interbody fusion, PSF : posterior spinal fusion, PI–LL : pelvic incidence–lumbar lordosis
A B C D
Fig. 1. In a 60-year-old female, preoperative coronal Cobb angle of 69° and lumbar lordosis of 46° (A) were corrected to 47° and 60° after lateral inter-
body fusion (B) and 26° and 58° after posterior spinal fusion (C). The angles measured 27° and 54° respectively at 2 years later (D).
J Korean Neurosurg Soc 61 | November 2018
720 https://doi.org/10.3340/jkns.2017.0275
staged correction). LL continued to increase to 56.1°±11.5° at 
time of last follow-up. All values were significantly different 
from pre-operative lumbar lordosis (p<0.001).
PT decreased significantly from the preoperative mean of 
23.0°±9.7° to 15.6°±9.2° at the interstage (p<0.001). However PT 
was shown to return to near pre-operative values on imaging 
following PSF and the most recent clinical follow up. The mean 
PI–LL mismatch was significantly improved from 22.2°±15.9° 
preoperatively to 8.1°±13.9° after LIF (86.5% of total staged cor-
rection), and 5.9°±12.7° after PSF (13.5% of total staged correc-
tion) and 4.0°±13.5° at last follow-up. All values were signifi-
cantly different than preoperative PI–LL mismatch (p<0.001). 
The thoracic major coronal Cobb angle was 20.8°±13.0° pre-
operatively, 16.0°±14.7° after LIF (41.4% of total staged correc-
tion), 9.2°±10.2° after PSF (58.6% of total staged correction) 
and 9.3°±9.7° at last follow up. The mean lumbar coronal 
Cobb was 38.6°±19.5° preoperatively which improved to 24.1°
±16.6° after LIF (55.4% of total staged correction), 12.6°±8.2° 
after PSF (44.6% of total staged correction) and 13.5°±9.0° at 
last follow-up. All values were significantly different than pre-
operative thoracic and lumbar coronal Cobb angles (p<0.001).
The coronal imbalance increased from 19.2±27.3 mm to 
26.6±32.8 mm after LIF. However, following PSF coronal im-
balance was 15.3±18.1 mm, and 15.7±22.8 mm at last follow-
up. None of these values were significantly different than the 
pre-operative measurement. SVA decreased from 61.7±49.5 
mm preoperatively to 58.2±63.6 mm after LIF (p=0.88 com-
pared with pre-operative) (17.9% of total staged correction), to 
44.2±44.3 mm (p=0.039 compared to pre-operative), and 42.0
±49.5 mm (p=0.058) at final follow up.
Clinical results
The mean VAS for back pain decreased significantly from 
7.3±2.3 pre-operatively to 3.4±2.2 at 3-month follow-up 
(p<0.001) and 4.4±2.9 at last follow-up (p<0.001). The mean 
VAS for leg pain decreased significantly from 5.4±3.7 preoper-
atively to 2.4±2.8 at 3-month follow-up (p=0.005) and 2.9±3.1 
at last follow-up (p=0.02). The mean ODI significantly in-
creased from 49.6±16.0 preoperatively to 39.1±17.6 at 3-month 
follow-up (p=0.001) and 33.9±18.7 at last follow-up (p<0.001). 
The mean SF-36 PCS significantly increased from 26.7±9.2 
preoperatively to 33.7±8.7 at 3-month follow-up (p=0.003) 
and 34.5±10.0 at last follow-up (p=0.001). The SF-36 MCS did 
not show significant changes postoperatively. 
Complications
Perioperative complications in this study were categorized 
as major or minor and surgical or medical, based on the re-
port of Isaacs et al.15) Fifteen patients (37.5%) had perioperative 
complications. Among them, five patients had a major com-
plication (12.5%). Each major complication was an infection, 
which required additional surgery. There were no major medi-
cal complications. All perioperative complications are de-
scribed in Table 4.
DIsCUssION
Surgical strategies and techniques for decompression of neu-
ral elements and correction of adult spinal deformity are gener-
ally divided into anterior, posterior and combined procedures. 
Recently, attention has been given to the lateral transpsoas ap-
proach to the anterior lumbar spinal column22). This technique 
decreases the risks associated with an anterior approach such as 
bowel injuries, vascular injuries, ileus and retrograde ejacula-
tion. Additionally, LIF provides the ability to release, recon-
struct and fuse the anterior column, and indirectly decompress 
the neural elements by disc distraction and spinal alignment2,23). 
For these reasons, LIF combined with PSF has become a popu-
lar procedure for the treatment of adult degenerative scoliosis. 
To our knowledge, there are no other studies that demonstrate 
Table 4. Perioperative complications
Value
Major 5
Medical 0
Surgical 5
Wound Infection 5
Minor 10
Medical 6
Delirium 2
Atelectasis 1
Atrial fibrillation 1
Tachicardia 1
Electroly imbalance 1
Surgical 4
Ileus 2
Dural tear 1
Diaphragmatic tear 1
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the isolated radiographic effect of LIF, LIF’s contribution to the 
total correction of staged LIF–PSF, perioperative complications, 
and long term radiographic and clinical follow up. 
In the present study, LL was restored from 36.4° to 53.9° af-
ter staged correction, with LIF contributing 71.4% of the total 
correction. Prior research has suggested that LIF does not im-
prove global lumbar lordosis1,6,8,11,12,16,17,23,27,28), however this 
study demonstrated the contrary. This result is thought to be 
due to the number of LIF levels performed. We performed LIF 
in a greater number of levels (mean, 3.8 levels per patient) than 
any other report. In contrast, Tormenti et al.28) performed a 
mean of 2.8 levels, Acosta et al.1) performed a mean of 1.8 lev-
els and Johnson et al.16) performed a mean of 1.1 levels of LIF.
It is additionally important to assess the correction of coro-
nal curvature with varying surgical techniques. Yadla et al.29)s 
research on over 2000 adults with degenerative scoliosis report-
ed the average postoperative correction of coronal deformity as 
40.7%. Phillips et al.23) reported 35% correction of coronal 
Cobb angle in adult degenerative scoliosis treated with XLIF. In 
this study, coronal Cobb angles were significantly restored in 
both the thoracic and lumbar region after staged correction.
In this study, PT decreased significantly from the preopera-
tive mean of 23.0°±9.7° to 15.6°±9.2° at the interstage, then 
however it was increased to 20.6°±9.1° at 3 months after PSF 
and 21.2°±8.2° at the last follow-up. The mean interval be-
tween the first and second operation was 1.4 days. So, the pa-
tients usually took the standing whole spine radiographs at 
the day after the first surgery. At this time, the surgical pain 
was still severe, and the head and upper body were forwarded 
which resulted in temporarily anterior tilting of the pelvis 
when standing. We thought this is the reason for excessive de-
crease of PT after LIF.
Few studies about the influence of LIF on global coronal or 
sagittal imbalance have been reported in the literature1,6,27). 
These studies did not demonstrate a significant effect of LIF 
on sagittal vertebral axis and coronal imbalance. This study 
agrees with prior literature, wherein LIF did not significantly 
alter sagittal vertebral axis. However, following PSF there was 
significant restoration of sagittal axis (p=0.039). This restora-
tion trended towards significance at final follow up (p=0.058). 
Coronal imbalance was not affected by LIF and PSF in this study.
In spite of variable statistical significance, the clinical out-
comes of LIF in the treatment of degenerative scoliosis have 
been reported with good results4,11,13,15,17,20,23,27). In our study, 
VAS for back pain, VAS for leg pain, ODI and SF-36 PCS at 
last follow-up were significantly improved following staged 
correction. However, SF-36 MCS did not reach significance 
statistically. These results were consistent with prior research 
by Tempel et al.27).
Isaacs et al.15) reported a major complication rate of 12.1% 
and overall complication rate of 24.3% following LIF in the 
treatment of adult scoliosis. Additionally, in cases of LIF com-
bined with open PSF, they reported a major complication rate 
of 20.7% and overall complication rate of 37.9%. The overall 
complication rate of 37.5% in this study is similar to that seen 
in the literature. However the major complication rate was 
12.5%, considerably lower than other reports. Furthermore, 
all of major complications were infections in our series; there-
fore no LIF-related major complications occurred. 
Limitations of the current study include the lack of a control 
group and the retrospective nature of the study design. Fur-
thermore, radiographic measurements taken at the inter-stage 
may be influenced by postoperative back discomfort. However, 
this study includes data on 151 levels of LIF in 40 patients with 
adult degenerative scoliosis treated by staged LIF and open PSF. 
To our knowledge, this study is the largest of its kind reporting 
on a single institution’s data. Furthermore this is the only study 
that analyzes the relative radiographic contribution of LIF and 
PSF on staged correction of adult spinal deformity. This study 
demonstrates that LIF significantly contributed the correction 
of LL, lumbar coronal Cobb angle and PI–LL mismatch. Lastly, 
staged LIF and PSF provide excellent clinical and radiographic 
results and lower complications than seen in prior studies.
CONClUsION
LIF combined with staged PSF provides excellent radio-
graphic and clinical outcomes, with reduced perioperative risk 
in the treatment of adult degenerative scoliosis. LIF signifi-
cantly contributes the correction in the coronal and sagittal 
plane in the patients with adult degenerative scoliosis.
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